group is caused by nutritional deficiency. In Egypt and Iran, small stature due to zinc deficiency was observed among population groups whose diet is one-sided in favor of too much white bread. One of the causative factors is the large amounts of phytic acids ingested, which form complexes with zinc salts and interfere with resorption through the intestinal wall [5] . In these countries, the incidence of neurological damage among infants is very high [17] . It is also known that the maternal serum zinc levels drop sharply, which indicates an increased zinc requirement. Experiments with animals on zinc-deficient diets have shown that they regularly abort or produce seriously deformed fetuses and newborns. The birth process is delayed. The third group consists of medication-induced disturbances. Diuretics or drugs inducing tissue degradation lower the serum zinc level. The same applies to the effects of corticoids [2] . Zinc metabolism is also affected by other elements, like calcium, cadmium and copper [18] . Disease-induced conditions make up the fourth group. It includes besides the EPH gestosis and acrodermatitis enteropathica already mentioned, bronchial carcinoma, alcoholic cirrhosis of the liver and diabetes mellitus [14] .
Adequate serum zinc levels are important in the healing of skin defects, in particular for ulcus cruris. Some of the deficiency symdromes listed can be improved by zinc therapy (about 30 mg Zn/day) [4, 5, 13] . 0300-5577/78/0006-0231 $02.00 © by Walter de Gruyter & Co.
Objectives
From the facts discussed above, it can be seen that Information on the Zn metabolism during the perinatal period is important, and the analysis of the amniotic fluid is a good way to obtain such Information. A special method for determining zinc in the amniotic fluid had to be developed and checked for possible sources of error. Norms for the level at each week of gestation had to be established by examination of a large number of amniotic fluid samples. The work had to include comparisons of zinc and protein levels, since these are closely correlated, due to the binding of zinc to protein. For this purpose it was necessary to develop a rapid and simple method of protein determination which was suitable for the much lower concentrations in amniotic fluid than in serum. Due to the zinc-dependence of protein synthesis mentioned above, it was important to determine whether the protein and zinc levels develop comparably during the pregnancy, and whether either of the parameters was agedependent. The results are to be used in a further project [8] to determine whether defined perinatal syndromes cause a disturbance in the zinc balance.
Material and methods
More than 600 deep-frozen (-20°C) amniotic fluid samples were available for the experiment. The samples were obtained by amniocentesis and by puncture of the membrane during delivery. Only the samples from normal pregnancies were used for the determination of control values.
l Determination of zinc
A PERKIN ELMER atomic absorption spectrophotometer 403 was used for measurements. Light source: Zn hollow cathode lamp; wavelength for measurements: 213.9 nm; lamp current: 15 mA; slit width: 0.7 A;fuel gas: air/acetylene. Standard solution: A Standard solution was made by dissolving 500 mg granulated analysis-grade zinc (99.9%, MERCK, Darmstadt, Germany) in 20 ml 16% hydrochloric acid (HC1) and filling to l liter with IN HCI. 2.0 ml of this solution and 500 ml 6% Macrodex made up to 1000 ml gave the Standard solution of 1.00 μ% Zn/ml. The zinc contents of all analysis-grade reagents used, such s lanthanum nitrate, sodium phosphate, and solvents like HCI, Macrodex and double-distilled water were checked. Accuracy of measurement: The results of the determination on a dilution series of the Znstandard are shown in Fig. 1 . The calibration curve shows a linear dependence of the measured zinc content on the true content of the samples in the main region of measurement up to 1.4 Mg Zn/ml. An amniotic fluid pool with known zinc content was used to test the applicability of the method to samples of amniotic fluid. The relative Standard deviation of the individual measurements was 2.1%. When known amounts of zinc were added to the amniotic fluid pool (AF addition curve) the recovery rate was 92.6% and the measured value was linearly dependent on the Zn amount added (Fig. 2) . This experiment showed that the amniotic fluid has no effect on the linearity of the calibration curve, up to a concentration of 2.5 g Zn/ml. Due to the zinc present in the amniotic fluid, the curve naturally does not go through zero. The addition method shown in Fig. 2 is a reliable technique for checking for physical and chemical interferences. Unspecific light losses, caused by molecular absorption or scattering by solid or liquid particles, which are plentiful in amniotic fluid, äs well äs too low a vaporization temperature or matrix effects, which lead to incomplete atomization, can be recognized. These results show that both the proportionality between absorption and concentration and the accuracy of the values obtained are adequate. Dilution of the amniotic fluid samples, äs is required for serum samples, is thus unnecessary. The additional measurement with deuterium background compensation gave the same results. It is thus certain that a complete, high-temperature vaporization has occurred. The relative Standard deviation of the individual measurements in the concentration ränge around l Zn/ml AF is about 1% and the detection limit is about 0.02 jug Zn/ml AF.
To determine the precision of the method, the chemical interferences äs well äs the physical had to be evaluated. The former arise through the influence of foreign anions or cations on the atomization equilibrium in the sample. In amniotic fluid such effects could be caused in particular by phosphates, which affect the measurement by forming insoluble zinc phosphates. This can be prevented by addition of lanthanum salts. The corresponding experiments showed that addition of 5 or 10 mg lanthanum (äs nitrate) to amniotic fluid samples of known zinc content produced no measurable change in the Signal. It has thus been established that chemical interference is not a significant source of error and that it is acceptable and practical to use undiluted amniotic fluid without additions for the measurements. This means that large numbers of samples can be analyzed in a relatively short time. If one allows 15 min for the preparation and calibration of the apparatus, then a time of about 2 min per sample is needed for larger numbers of samples.
The atomic absorption spectrophotometer was calibrated with the Standard solution of 1.00 g Zn/ml. The amniotic fluid samples were thawed and, when necessary, centrifuged. The Instrument was recalibrated after every 20 samples. The results were averaged from at least 10 measurements, which require about 2 ml amniotic fluid. If larger yolumes of amniotic fluid were available, the average was taken of up to 100 individual measurements. The results were subjected to statistical analysis by the U-test of MANN, WHITNEY and WILCOXON.
Determination of total p rotein
Measurements were made on an EPPENDORF photometer with a mercury filter, 546 nm. Total protein (TP) was determined by a Biuret method modified for amniotic fluid (Testkombination Nr. 15899 from BOEHRINGER, Mannheim, Germany). The amounts of reactants had to be modified, äs they were intended for serum, which has a much higher protein concentration than amniotic fluid. For a dilution of 1:10, corresponding to 600 mg TP/100 ml, the absorption was linearly dependent on the protein content of the samples in the ränge of 100 to 750 mg TP/100 ml AF (Fig. 3) . Tab. I gives the mixtures ( ) used for the various measurements. The relative Standard deviation in the concentration ränge 600 mg TP/100 ml was 4%, and for the ränge 200mgTP/100 ml, 7%. Measurement against the control serum Precilip 314 (BOEHRINGER, Mannheim, Germany) gave a recovery rate of 97.3%, whüe with Kontrollogen KL 405 c (BEHRiNG-Werke, Marburg, Germany) the recovery rate was 94.8%. An experiment analogous to the Zn addition curve with increasing protein concentrations gave recovery rates of 101.0%. The limit of concentration of this modified method is about 50 mg TP/100 ml AF. Since the amniotic fluid samples examined in the present experiments had distinctly higher protein Contents, the method is applicable for protein determination in amniotic fluid. A 1:10 diluted Standard was used in this series of measurements. The AF samples were allowed to thaw for 20 min, then shaken and finally centrifuged for 10 min at 3000 rpm. Samples which could not be clarified by this treatment were discarded. The control reaction serves to eliminate errors with green and hemorrhagic amniotic fluid samples. The samples were kept at 25 °C during the measurement.
Results
The results are mainly presented in terms of the median values and of lOth percentiles, since these values give a more accurate picture of the relationships than the means. The reason is that one finds higher zinc contents in a small percentage of the amniotic fluid samples. The distribution is thus not a Symmetrie one. An indication of a possible source of contamination was given by a group of 30 AF samples which, unlike the others, were not kept in polyethylene tubes, but in glass tubes with rubber Stoppers. In these synples, extremely high zinc contents were measured; the values were in some cases over 4 Mg Zn/ml AF, and averaged 2 to 3 Mg Zn/ml AF. To decide whether the zinc contamination comes from the glass or the rubber Stoppers, the appropriate storage experiments were run on amniotic fluid withknown Zn content. The experiments showed that the contamination comes from both the glass and the Stoppers. In the evaluation of the results, only samples which had been stored in polyethylene tubes were included. These findings confirm the importance of testing reagents and materials used in Zn determination for contamination or the possible release ofzinc. Fig. 4 shows the average zinc content of the amniotic fluid äs a function of the age of the mother. The median values of Zn content at term change only slightly with increasing age of the mother. The decrease is not statistically significant (p = 0.31). The means, which have been plotted for comparison, are significantly higher, for the reasons discussed. Since 531 samples were tested in this experiment, the statistical confidence in the results is adequate. The 90th percentiles, which are not plotted in Fig. 4 , lay between 0.38 and 0.68 Mg Zn/ml AF.
The zinc contents of 440 amniotic fluid samples are plotted against the gestational week (WG) (Fig. 5) . After the 37th week, there is a sharp increase in the zinc values, The median values at term are twice äs high äs those for the middle trimenon. In the 42nd WG there is a further large increase in the zinc values, which are then three times the starting value. The increase after the 37 th WG is highly significant by the U-test with p < 0.001. The lOth and 90th percentiles show the same steep increase. Fig. 6 and 7 show some of our results on the AF protein content at term. Fig. 6 shows the protein content äs a function of the age of the mother in 300 samples..In contrast to zinc, there is a certain dependence on age here, with a maximum in very young mothers and in the ränge of the 30th to 34th year. The U-test indicates a significant difference with p < 0.01 for the age groups 19-24 years (n = 102) and 30-34 years (n = 85). shows the decrease in the protein content of the amniotic fluid after the 25th WG. The decrease up to the 39th week is significant (p < 0.05). From the 40th WG on, the values remain constant. In order to be certain that there are no sexspecific differences in the zinc and protein concentrations, a comparative analysis was carried out. 180 amniotic fluid samples from male fetuses and 204 amniotic fluid samples from femal fetuses had the same median zinc values. The median protein content of 165 samples from male fetuses was 236 mg TP/100 ml AF, whüe that of 184 female fetuses was 264 mg TP/100 ml AF.Here too, the differences were small and not statistically significant.
Discussion
The determination of zinc by atomic absorption spectrophotometry is a rapid procedure with a high degree of sensitivity, precision and accuracy. Since only a few minutes per determination are needed, and since the samples do not have to be specially prepared, aside possibly from centrifugation (vernix, meconium), it is possible to examine a large number of AF samples in a short time. The procedure can be largely automatated, so that it can also be carried out by technicians. As with all analyses of trace elements, however, great care must be taken to exclude possible sources of contamination. This holds especially for the equipment used to withdraw the samples and for their storage. Rubber Stoppers and glass tubes cannot be used. The reagents must be tested for their freedom from zinc. In contrast to the protein content, the zinc concentration increasesinthe course of the pregnancy. The increase after the 37 th WG is significant (Fig. 5) . With all due caution, one may conclude that this is an indication of an increased rate of protein synthesis, due to the large absolute increase in fetal weight in the last third of pregnancy. Thus the zinc value could be a better parameter for the fetal development than the protein concentration, which is not very useful, among other things because of the wide ränge of normal values. According to SUTCLIFFE and BROCK [19] , the protein content sinks to about half its previous value between the 25th and 32nd WG, and then remains nearly constant until the end of the pregnancy. Our studies produced similar results (Fig. 7) . In addition to this, we found, äs already mentioned, a dependence of the protein values on the age of the mother. For these reasons, the protein content of the amniotic fluid is an indication neither of the age of the pregnancy nor of an unimpaired fetal development. Since the above described studies were intended to establish normal values, only amniotic fluid samples from non-pathological, ünremarkable pregnancies were used. These results will be compared with those from amniotic fluid from pathological pregnancies [8] . In this way it will be determined whether the measurement of zinc in amniotic fluid can be used for diagnosis and supervision of fetal deficiency development. This assumption appears not to be too far wrong, because studies on hypotrophic fetuses have shown that they have distinctly lower amniotic fluid zinc values [8] .
Summaiy
Zinc is one of the essential trace elements, both äs a component of many important enzymes and due to its role in protein biosynthesis. Deficiency can be detected in both humans and animals. Hypoalbuminemias caused by zinc deficiency lead to dwarfism. In humans, the causes hypozinkemias were found to be genetic factors, nutrition, medication and disease. In EPH gestosis, a decrease in the albumin and zinc contents of the maternal blood was observed. Furthermore, zinc is important for the antibacterial activity of the amniotic fluid (AF). In countries where zinc deficiency causes small stature, the rate of neurological damage among infants is also very high. Inanimalstudies of artifically induced zinc deficiency, the animals usually abort or the young are badly deformed; the delivery is delayed. In light of the apparent significance of zinc metabolism in the-perinatal period, it seemed important to examine thoroughly the amniotic fluid, which, in contrast to the serum, has been only slightly studied. Since zinc and protein metabolism are closely correlated, the study had to include comparative protein measurements. Adequate methods for the determination of both parameters were developed. Zinc was determined by means of atomic absorption spectrophotometry. Physical and chemical interferences were eliminated, and the possibility of contamination from external sources was examined. The relative Standard deviation of the individual measurement is about 1% in the concentration ränge about l Mg Zn/ml AF, and the limit of detection is about 0.02 Mg Zn/ml AF. The recovery rate with a linear calibration curve is 92.6%. The time required per determination is a few minutes, since aside from possible centrifugation,, .the samples require no preparation before measurement. The technique can be largely automated and carried out by technicians. Total protein (TP) is measured by a Biuret method adapted for amniotic fluid. Due to the low protein concentration in AF, the amounts of reagents from the BOEHRINGER, Mannheim kit, which is meant for serum, were changed correspondingly. The relative Standard deviation is about 7 % for protein concentiations of about 200 to 300 mg/100 ml AF, the limit of detection is about 50 mg TP/100 ml AF, and the recovery rate, measured against two control sera, was 97.3 or 94.8%. More than 600 AF samples were available for this study, and of them, only those from normal pregnancies were used to establish the normal values. The zinc and protein contents of the AF were plotted against the age of the mother or against the week of pregnancy, in order to discover possible correlations. The zinc content does not depend on the age of the mother, but does depend on the week of gestation (WG). In the third trimenon there is a highly significant (U-test, p < 0.001) rise in the zinc content, from about 0.06 Mg Zn/mi AF to 0.14 Mg Zn/ml AF. Thus the median values in the last trimenon have doubled with respect to the middle trimenon, and reach 0.22 Mg Zn/ml AF in the 42ndWG.
The protein content is dependent on the age of the mother, to a certain extent, with increased values in very young mothers and in the ränge of the 30th to 34 th year. The protein content decreases in the 3rd trimenon. The sex of the fetus made no difference either on the zinc or the protein level. Distinctly lower zinc values were found in the amniotic fluid from hypotrophic fetuses, äs will be reported in a following paper [8] . It can be concluded that the increase in the zinc content of the AF is an expression of a normal pregnancy. Conversely, a decrease in the amniotic fluid zinc content can serve äs an indicator of a pathological development. The determination of the AF zinc content thus appears superior to the determination of protein content in several respects, and unlike the latter, can serve äs an indicator of normal fetal development.
Keywords: Amniotic fluid, fetal supervision, pro t ein s, risk pregnancy, trace elements, zinc. 
